Anemia is generally defined according to hemoglobin levels, which may vary according to many factors most importantly age, gender, and ethnicity. Any level below 13 g/dL for males, and below 12 g/dL for females is considered abnormal.[@ref1] Hemoglobin levels of less than 11 g/dL at any time during pregnancy are considered abnormal. Once anemia is recognized, the possibility of iron deficiency should be considered.[@ref2] Abnormalities in red blood cell indices on complete blood count typically precede the development of lowered hemoglobin levels.[@ref3] Iron deficiency usually develops slowly over time, and may not be symptomatic, or clinically obvious. Once iron stores are completely depleted, iron accessibility to the tissues decline leading to symptomatic anemia. The objective of this review is to outline the impact of maternal iron deficiency, and iron deficiency anemia on infants and young children.

Iron metabolism {#sec2-1}
===============

Iron is a crucial component in the metabolic processes involved in tissue oxygenation. An average individual contains a total of 3-5 grams of iron. A standard diet could supply up to 15 mg of iron per day. The acidic environment aids iron absorption, which takes place in the first, and second parts of the small intestine. Iron absorption is therefore enhanced by the co-administration of acidic compounds, such as ascorbic acid. Iron absorption is also normally enhanced in response to heightened needs. After absorption, protein-bound iron is transported into the bone marrow for incorporation in the production of red blood cells.[@ref4] Excess iron is stored as ferritin, a labile, and easily available provider of iron.

Epidemiology {#sec2-2}
============

Iron deficiency is the most globally prevalent nutritional problem reaching an epidemic level in many developing countries.[@ref5] In addition, it is the most common nutritional deficiency encountered in the developed world;[@ref6] up to 50% of cases are the result of insufficient iron intake.[@ref7] Pregnancy is associated with increased iron demand, and therefore, increase the risk of iron deficiency anemia. Up to 52% of pregnant women in the developing world are affected.[@ref8] Lowered iron stores in their newborn baby will increase the risk of subsequent iron deficiency anemia. Prematurity and early weaning off breastfeeding increases the risk further, because of reduced iron stores. Other causes and risk factors for developing iron deficiency anemia are summarized in [**Table 1**](#T1){ref-type="table"}, and include restricted diets, growth spurt, and heavy blood loss.[@ref9]

###### 

Common causes of iron deficiency anemia.[@ref9]
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Iron deficiency anemia {#sec2-3}
======================

Typical features of iron deficiency anemia are caused by lowered oxygen delivery to the tissues, and include pallor, fatigue, apathy, fainting, and breathlessness.[@ref2],[@ref9] Additional features include headaches, palpitation, hair loss, and tinnitus. Chronic iron deficiency anemia lowers work tolerance, productivity, and the quality of life. This leads to further socio-economic difficulties. Dysfunction in the immune system results in increased risks for infections.[@ref9]

With more severe degrees of anemia, cardiac failure may develop. During pregnancy, iron deficiency anemia correlates with negative perinatal outcomes including premature labor, intrauterine growth retardation, low birth weight, birth asphyxia, and neonatal anemia.[@ref2],[@ref6]

Nutritional factors {#sec2-4}
===================

Pregnancy and lactation result in increased iron demands. The nutritional status is the key in preventing iron deficiency. A healthy varied diet can be routinely supplemented by prophylactic doses of iron to prevent depletion of iron stores. The total iron intake during pregnancy should not be less than 1000 mg.[@ref10]

A recent study[@ref9] found that most pregnant women were not receiving adequate amounts of iron, despite taking fortified food and supplementation. Even in developed countries, such as the United Kingdom (UK), up to 50% of women during their reproductive age have poor iron residual supplies, and are at risk of developing anemia if they conceive.[@ref9] Another UK study[@ref11] found that 40% of women aged between 19-34 years had iron levels below the recommended doses.

Normal weight gain is an indicator of proper maternal nourishment. Healthy weight prior to conception and an average weight gain of 12 kg (10-14 kg) is linked to favorable perinatal outcomes.[@ref12] This results in the delivery of a baby with a healthy birth weight of 3.1-3.6 kg.[@ref12],[@ref13] Ideal maternal weight gain may be difficult to achieve in practice. Therefore, enhanced physical activity should be combined with nutritious food that does not promote excessive weight gain, which is also a risk factor for iron deficiency. Vegetarians and vegans may require additional iron fortified food and supplementation to prevent the possible shortages of dietary intake.[@ref12]

Teenage mothers are another group of women at increased risk. They have a greater nutritional requirement due to their own growth spurts.[@ref14],[@ref15] Teenage pregnancies are usually unplanned, and therefore these mothers may already experience suboptimal nutritional status prior to conception making them at an even higher risk for developing iron deficiency anemia.[@ref14]

Impact of iron deficiency anemia {#sec2-5}
================================

Throughout pregnancy, iron deficiency anemia adversely affects the maternal and fetal well-being, and is linked to increased morbidity and fetal death. Affected mothers frequently experience breathing difficulties, fainting, tiredness, palpitations, and sleep difficulties.[@ref16] They also have an increased risk of developing perinatal infection, pre-eclampsia, and bleeding. Post-partum cognitive impairment and behavioral difficulties were also reported.[@ref17]-[@ref19] Adverse perinatal outcomes include intrauterine growth retardation, prematurity, and low birth weight, all with significant mortality risks, particularly in the developing world.[@ref20]-[@ref22] Iron deficiency during the first trimester, has a more negative impact on fetal growth than anemia developing later in pregnancy.[@ref23],[@ref24] This is also true for risk of premature labor.[@ref25] Poor socio-economic status contributes significantly to all aspects of these inter-linked problems that are more commonly encountered in the developing world. Any successful public prevention or treatment program should put into consideration all these contributing and correlating factors.

Lowered iron stores of the newborn child may persist for up to one year and result in iron deficiency anemia.[@ref26] Such a state should be identified and treated promptly because of the possible long term consequences. Iron is essential for neural metabolism and functioning. Iron deficiency anemia results in changes in energy metabolism within the brain with defects in neurotransmitter function and myelination.[@ref27] Therefore, infants and young children with iron deficiency anemia are at risk of developmental difficulties involving cognitive, social-emotional, and adaptive functions.[@ref28],[@ref29] Other studies have documented delays in both language and motor development. Breastfeeding is usually protective, but not if the mother is iron deficient. It has been noted that iron levels in breast milk fall as lactation progresses over time.[@ref30] Careful monitoring and adequate supplementation is therefore needed for infants at risk.

Iron supplementation {#sec2-6}
====================

Routine maternal iron supplementation is a vital mean in correcting the global problem of iron deficiency and preventing its negative effects.[@ref31] Whilst oral supplementation is most prevalent, it is also possible to provide iron parentally (intramuscular or intravenous). Prophylactic oral iron supplementation can be associated with some side effects, such as nausea and constipation, which are normally more common during pregnancy. It is ideal to start iron supplementation before conception, or as soon as possible, in order to reduce the risks of prematurity and low birth weight.[@ref32] It is also important to note the importance of other micronutrients, such as zinc, copper, vitamin A and E, on fetal growth and development.[@ref33] Further research is required to clarify the need for such supplementation and the recommended doses.

Iron treatment should be started once iron deficiency anemia is recognized in infants and young children. However, several randomized control trials found no benefits on future psychomotor development.[@ref34]Another review of several randomized controlled trials of children found that iron treatment did not result in an enhanced cognitive function in children less than 5 years of age.[@ref35] This suggests that early prophylaxis is better than delayed treatment. However, recent studies indicated some cognitive and motor benefits from treating children less than 5 years of age.[@ref36] In addition, iron supplementation improved the attention and concentration of adolescents and adult women with symptomatic iron deficiency anemia, suggesting more positive effects of treating severe degrees of anemia.[@ref37]-[@ref39]

In conclusion, adequate iron intake is crucial for healthy pregnancy. However, adequate nutrition may not be possible in many developing countries. Iron supplementation should be considered early in these cases. There is an increasing need for public health strategies to educate the population as to the need for a healthy diet and iron supplementation before conception, or at least at the beginning of the pregnancy. Integrating this information into educational curricula, pre-marital counselling, and prenatal care is needed. Mothers should receive appropriate nutritional advice and supplementation at their first point of contact with healthcare professionals.
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